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[57] ABSTRACT 

The present invention relates to an ultrasonic echo- 



graphic diagnostic apparatus which is capable of dis- 
playing the characteristics and properties of tissue, such 
as the maximum displacement of tissue, the hardness of 
tissue, the velocity of propagation of vibrations through 
tissue, and the magnitude and direction of movement of 
tissue, in various display modes. The apparatus is capa- 
ble of detecting and displaying the displacement of 
tissue caused by heartbeat or external pressure in a 
real-time mode by calculating the minute displacement 
of tissue or the differential of the same, calculating a 
temporal local maximum of the minute displacement 
varying with time, time corresponding to the temporal 
local maximum, the gradient of the time and the abso- 
lute magnitude of the gradient, and displaying the re- 
sults of the calculations. In another aspect of the inven- 
tion, the apparatus specifies a desired point or points 
and a desired direction or directions in a tomogram, 
determines calculating data passing a desired point and 
extending along a desired direction, for a plurality of 
tomograms obtained at different times, respectively, by 
interpolating the data signals, determines the displace- 
ment of the desired point in the desired direction or the 
rate of change of the displacement on the basis of the 
calculating data, and displays the information calcu- 
lated on the basis of the displacement or the rate of 
change of the displacement. 

22 Claims, 14 Drawing Sheets 
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ULTRASONIC DIAGNOSTIC APPAPatttq a^?" 7^ ^ an 5 UStrati0n ° f a picture ^ b ? 

UUKAbONIC DIAGNOSTIC APPARATUS the displaying methods stated in reference [1], in which 

BACKGROUND OF TRF TMVPMTmw ? epth ^ g * scannin S line » * tomogram 10 of the 

BACKGROUND OF THE INVENTION human abdomen, having the shades of the diaphragm 11 

1. Field of the Invention 5 and a blood vessel 12 is measured on the horizontal axis, 
The present invention relates to an ultrasonic diag- minute displacement on the scanning line determined by 

nostic apparatus which receives ultrasonic waves ap- ^ pri° r art method is measured on the vertical axis, 
plied to, and reflected by a specimen to obtain signals m & time is measured to an axis perpendicular to a plane 
representing the condition of the specimen, and pro- defined by the horizontal axis and the vertical axis. It is 
duces a tomogram of a cross section of the specimen on 10 impossible to recognize all of the minute displacements 
the basis of the signals. More specifically, the present of & Q points on the cross section at a glance in the 
invention relates to an ultrasonic diagnostic apparatus tomogram. 

featured by a display that displays a tomogram of a Another displaying method determines the minute 
cross section of a specimen, and an ultrasonic diagnostic displacement of each of the points in a tomogram 10 
apparatus capable of calculating the displacement of (each point is represented by a point a) at a moment in 
vital tissues caused by pulsation or an external pressure, which a frame showing the tomogram 10 is formed, 
and of displaying the result of calculation. represents the minute displacement by a luminance, a 

2. Description of the Related Art value or a chrome of a color, or color variation (herein- 
An ultrasonic diagnostic apparatus facilitates the di- 2Q after referred to as *1uminance or the like") as shown in 

agnosis of diseased parts in a specimen, particularly in FIG. 7(B), superposes the minute displacement of each 
human body organs, by receiving ultrasonic waves point represented by a luminance or the like on the 
applied to and reflected by the human body organs to tomogram in each frame, and displays frames sequen- 
obtain signals representing the condition of the human tially as shown in FIG. 7(C). 

body organs. The ultrasonic diagnostic apparatus pro- ^ However, since each point on human body organs 
duces a picture of the human body organs on the basis moves within a very small time frame, for example, in 
of the signals, and the picture. Methods of detennining accordance with a heartbeat, the minute displacement 
small displacement of various parts of the human body of each point in the tomogram changes very quickly 
in addition to producing tomograms have been pro- Therefore, it is difficult to find, or possible to fail in 
posed in, for example, Y. Araki, S. Yagi and K. Naka- 30 finding an abnormal minute .displacement of a point 
yama, "Local Displacement Velocity Analysis of Soft appearing in the tomogram for the diagnosis of a tumor 
Tissue using Doppler Method", Proceedings of the 55th or the like. Therefore, diagnosis using the tomogram 
meeting on the Japan Society of Ultrasonics in Medi- requires great skill. 

cine, 55-314, PP. 689-690 (December 1989) (reference The Doppler method (reference [1]) and the two-di- 
iu ^ j - j • *» 35 niensional cross correlation (reference [2]) method are 

The method disclosed m the reference [1] applies a representative prior art methods of deterniining the 

pulse ultrasonic beam to human body organs several displacement of each part. 

times in the same direction and determines the minute While the Doppler method has the advantages that a 
displacement of parts at specific depths in the direction displacement can be calculated by the operation of a 
of travel of the pulse ultrasonic beam by the pulse Dop- 40 relatively small operation quantity and the tomogram 
pier method. ^ can be displayed in a real-time mode, the Doppler 

The cross-correlation method is another method of method is able to calculate only a displacement alone 
detennining a small displacement of the human body (S. the direction of scanning lines. While the two-dimen- 
Yagi and K. Nakayama, "Local Displacement Analysis sional cross correlation method is able to calculate a 
of Inhomogenous Soft Tissue by 2-Dimensional Ana- 45 two-dimensional displacement, the two-dimensional 
lytic Signal Correlation", Proceedings of the 54th meet- cross correlation method needs a large operation quan- 
lng on the Japan Society of Ultrasonics in Medicine, tity in calculating the two-dimensional displacement 
54-1 16, pp. 359-360 (May, 1989) (reference [2]). and is unable to display a tomogram in a real-time mode 

The cross-correlation method disclosed in reference 
[2] applies many pulse ultrasonic beams in various direc- 50 SUMMARY OF THE INVENTION 

tions in the human body, obtains signals corresponding Accordingly, it is a first object of the present inven- 
to two tomograms and determines the two-dimensional tion to provide an ultrasonic diagnostic apparatus capa- 
minute displacement in the human body by calculating ble of objectively and readily understandably displaying 
a two-dimensional cross-correlation of the signals. The the hardness of tissues of human body organs, the veloc- 
method in reference [2] is also usable in calculating the 55 . ity and range of propagation of vibrations through tis- 
minute displacement with respect to the depth direction sues, and characteristics and properties of tissues includ- 
parallel to the scanning line. ing the magnitude and direction of movement of inter- 

Since the determination of the minute displacement is nal parts of tissues, 
not the subject matter of the present invention, and the A second object of the present invention is to provide 
cross-correlation method and the pulse Doppler meth- 60 an ultrasonic diagnostic apparatus having an excellent 
ods are well-known techniques, the description of a real-time processing the capability and the capability of 
method of deterniining the minute displacement will be detennining and displaying displacement that is effec- 
omitted. tive for diagnosis. 

The subject matter of the present invention is to dis- FIGS. 1,2 and 3 are typical views assisting in explain- 
play the minute displacement determined by the forego- 65 ing means for achieving the first object of the present 
m ^° c wn / m f t ^ s ^a*!^ 1 useful for diagnosis. invention. Although the present invention is not limited 
MCjS. 7(A), 7(B) and 7(C) are views of assistance in to a displaying method and the like illustrated in FIGS 
explaining pnor art displaying methods. 1, 2 and 3, the present invention will be explained with 
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reference to FIGS. 1, 2 and 3 to facilitate understanding Thus, the ultrasonic diagnostic apparatus in the second 

thepresent invention. _ aspect of the present invention displays the times Ta,Tb, 

FIG. 1 is a typical view of assistance in explaining an rc, ... and rd thus determined 

ultrasonic diagnostic apparatus in a first aspect of the FIG. 3 is a typical view of assistance in explaining an 

present invention. The ultrasonic diagnostic apparatus 5 ultrasonic diagnostic apparatus in a third aspect of the 

receives ultrasonic waves applied to, and reflected by, present invention for achieving the first object 

human body organs, creates signals corresponding to The ultrasonic diagnostic apparatus in the third as- 

the reflected ultrasonic waves, and determines the min- pect of the present invention and an ultrasonic diagnos- 

ute displacements of points in a cross section of the tic apparatus in a fourth aspect of the present invention, 

body on the basis of the signals by the Pulse Doppler 10 similarly to those in the first and second aspects of S 

me hod shown in reference [1] or the cross correlation present invention, determine the minute displacements 

^Kf^ " fTf 121 ° r ^r 1165 of Points a, b, c, ... and d in a cross section on thS 

ential of the minute dispkcement with respect to the 0 f signals corresponding to reflected ultrasonic waves 

body. Since the deferential is substantiaUy equivalent in 15 tus in the second aspect of the present invention, timw 
2?2£lL n r ^t^^^'^g^Pres- Ta , rb( TC , ^ T 7 when ^ ^"Hfcl 
ent ^vention, the differential and the minute disptoce- minute displacements of the points a, b, c, . . . and d 

able minute displacement of each pomt a in the cross th a t, m «, ~« -u „ 6 j ' pj^iurc wnen 

section as shown in FIG. 1(A) is determined. The locd SLS^Ih.^ " ^ ^ ***** 

maximumsofthemmutedispLementsofpomtsinS ^ the gradients at the pomts at the times 

maximums of the minute displacements of points in the y roUowm S equation oL 
cross section are determined in a time interval between 

one heartbeat and the next heartbeat. FIG. 1(B), which vYfr y y = ar fr // + *ft Y) $ 

is similar to FIG. 7(C), shows the varying displacement * * y 

of each pomt dispkyedra a correspondmg luminance in 30 «,w^;„iv *a ;„ ~ ,r ' • i . - 

sequential framed. The ultrasonic diagnostic apparatus y) ? Ae ^^ens.onal coordmates in the 

in the first aspect of the present invention dispbys the ^™^^ K *J-^ ewhen ^r i ^ rall0Cal 

local maximum of the varying minute displacLent of T* f^T* (x> y) 

each pomt^co^onSfuminance i the like as SXXSlZS? 

FIG. 2 is a typical view of assistance in explaining an J££JfQ !? * V J"S fF^SFV* gradientS 

mtrasomcdiagnosticapparatusinasecondaspectofthe S iSr^ ^ ^ SUea ^ eS 

present invention for achieving the first objek ft £ S2Sl I- " cross t sec « on - 

The ultrasonic diagnostic Apparatus in the second ^K^*- da S n ? stl °. a PP arat V s » *e *"«» 

aspect of the present invention? similarly to the ultra- 40 JKfiX SSfSST * 8161,18 " 

some diagnostic apparatus in the first aspect of the pres. tC iii.-c^ri^Vf .ul ,ZL ■ j. 

ent invention, determines the minute displacements of in ^^^^^^^m^pp^B 

points a, b, c, ... and d on the basis of signals corre- ° ***** Tt"? " 0mitted 

spending to reflected ultrasonic waves, afTthen. as SS^^n^S^^TT? ^ ^ ^ 

shownutmG.2(A),deterriunestimesT a ,Tb,rc,.. and 45 ™!£ P , to * e ^trasonic diag- 

rd when the temporal local maximums of the mumte SSSS^J?^ <° ^ 3 ' 

displacements of the points a, b, c, ... . and d appear in t^TZ^ZT^T m %T d !T 

a time interval betweet predetermined times, for exam- !^££S£XL? * e ^P^nted by 

pie, in a time interval between two succes ive heart- S^SfSSK. ^TS* ^ T" 

beats. The times ra, rb, rc, . . . and rd correspond, 50 to ** hs » 

respectively, to times required by a vibration produced T^IZ ^^T^^, , u 

S^ZHS* V b °i V ' ? eZple A? 6 cuSlsre^^ 

heart, for propagation to the points a, b, c, . . . and d. ^ 

FIG. 2(B) shows pictures of the times when the tem- 
poral local maximums of the minute displacements of 55 I \ j 

the points appear, respectively, by corresponding lumi- Vrfr f a** a 1 ^ f bHx. 1 

nances as shown in FIG. 2(A), formed in frames 3, 4 and 1 NL J L ^ J 
5 created, respectively, at the times ra, rb, tc, . . . and 

Td shown in FIG. 2(A). In frame 3, only the time ra for FIGS. 3(C) and 3(D), similarly to FIG. 3(A) show a 
the pomt a is displayed and the times rb, tc, . . . and rd 60 picture produced by superposing the arrows represent- 
for the points b, c, ... and d are not displayed because ing gradients at the points and the local maximums of 
the local maximums of the minute displacements of the the displacements of the points (FIG. 1(C)) and a pic- 
points b, c, ... and d have not been determined. In ture produced by superposing the arrows representing 
frame 4, the tunes ra and rb for the points a and b are the gradients at the points and the times when the local 
determined and displayed. In frame 5, the times ra, rb 65 maximums of the displacements of the points appear 
and rc for the points a, b and c are determined and (FIG. 2(C)), respectively. FIG. 3(E) shows two-dimen- 
displayed. FIG. 2(C) shows a final picture showing the sional color bars intended to display the local maxi- 
respective times of all the points in the cross section. mums of the displacements of the points (FIG 1(C)) 
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and the times when the local maximums of the displace- object of the present invention creates original data 
ments of the points appear (FIG. 2(C)) represented by from ultrasonic waves applied to and reflected by 
two factors among the foregoing luminance and the human body organs, and displays a tomogram produced 
like, mcludmgxhrome and value and the like. Thus, the on the basis of the data. This ultrasonic diagnostic appa- 
present invention may coincidentaUy display some of 5 ratus comprises: 

the local maximums, the times when the local maxi- (1) a specifying unit for specifying at least one desired 
mums appear, the gradients and the magnitudes of the point and at least one desired direction in a tomo- 

gradients, or may coincidentaUy display some of these gram displayed on a screen; 

variables and variables other than those variables on a (2) a data generating unit forgenerating calculating 
SC ^f n * t ^ 10 data, along a line segment passing a desired point 

The ultrasonic diagnostic apparatus in the first aspect and extending in a desired direction, on the basis of 

of the present invention determines the local maximums the original data, for a plurality of tomogram ob- 

of minute displacements or the like and displays the tained, respectively, at different times- 

local maximums, for example, as shown in FIG. 1(C). (3) a calculating unit for calculating information on 
Accordingly, the ultrasonic diagnostic apparatus ena- 15 the basis of the displacements of desired points 
bles instantaneous acquisition of information useful for along the desired direction or the respective rates 

making a diagnosis, without requiring any great skill. of change of the displacements along the desired 

For example, a region where the local maximums are direction; and 

smaller as compared with those in the surrounding re- (4) a display unit for displaying the information, 
gions indicates that tissues in the region are indurated. 20 The calculating unit calculates the displacement or 
The ultrasonic diagnostic apparatus in the second the rate of change of the displacement itself as the infor- 
aspect of the present invention determines the times mation, or calculates one or some of the temporal local 
when the local m a x imu ms of the minute displacements maximum in the displacement or the rate of change of 
appear and displays the times, for example, in a picture the displacement, the time corresponding to the tem- 
as shown in FIG. 2(C) to enable the instantaneous rec- 25 poral local maximum, the gradient of the time and the 
ognition of points where the range of propagation of magnitude of the gradient as the information, 
vibrations or the mode of propagation of vibrations is The specifying unit specifies a plurality of desired 
abnormal, as compared with that in the surrounding directions or specifies one or a plurality of desired di- 
points. For example, a point where the velocity of prop- rections among a plurality of predetermined directions, 
agation of vibrations is high indicates that the tissue at 30 The specifying unit specifies a run of a plurality of 
the point is indurated. Thus, the ultrasonic diagnostic desired points forming a line along the desired direction 
apparatus, similarly to that in the first aspect of the or may specify a plurality of desired points in a two-di- 
present invention, enables the instantaneous acquisition mensional arrangement. 

of information useful for diagnosis without requiring The data generating unit may generate calculating 
any great skill. 35 data by interpolating between the original data or ex- 

The ultrasonic diagnostic apparatus in the third as- tracts, if the data generating unit is provided addition- 
pect of the present invention determines the gradients of ally with an interpolating unit for carrying out interpo- 
the times when the local maximums of the minute dis- iation for the entire area of a screen, specific calculating 
placements appear, and displays the gradients, for ex- data from the data obtained by interpolation, 
ample, in pictures as shown in FIGS. 3(A) and 3(B), 40 When the ultrasonic diagnostic apparatus is used, for 
which enables the direction and magnitude of move- example for the examination of the liver, the paren- 
ment of tissue to be readily recognized and enables a chyma of the lives moves in synchronism with the 
point where the direction and magnitude of movement heartbeat and a large displacement of the parenchyma 
of tissue are abnormal, compared with those in the sur- of the lives occurs only in a fixed direction. Accord- 
rounding points, to be readily found. 45 ingly, satisfactory data can be obtained through the 

When the directions of the gradients are indicated by observation of the displacement of the parenchyma only 
arrows or streamlines, it is impossible to display the along the fixed direction. The ultrasonic diagnostic 
gradients minutely over the entire area of the screen; apparatus of the present invention was made on the 
the gradients are displayed discretely, for example, as basis of such a fact. The ultrasonic diagnostic apparatus 
shown in FIGS. 3(A) and 3(B). On the other hand, the 50 of the present invention specifies desired points and a 
ultrasonic diagnostic apparatus in the fourth aspect of desired direction on a tomogram (unit stated in (1)), 
the present invention enables the distribution of veloci- generates calculating data passing a desired point along 
ties of propagation of vibrations to be recognized in- the desired direction by interpolating between the origi- 
stantaneously by minutely displaying the magnitudes of nal data, for a plurality of tomograms obtained, respec- 
tive gradients over the entire area of the screen, so that 55 tively, at different times (unit stated in (2)), calculates 
even a small abnormal point will not be overlooked and the displacements of the desired points along the desired 
can be easily found. direction or the respective rates of change of the dis- 

Thus, the ultrasonic diagnostic apparatuses of the placements on the basis of the calculating data (unit 
present invention, as compared with the prior art ultra- stated in (3)), and displays the calculated displacements 
sonic diagnostic apparatus (FIG. 7) that displays the 60 or the rates of change of the displacements (unit stated 
displacements of points occurred at certain time, dis- in (4)). Thus, the ultrasonic diagnostic apparatus is capa- 
plays more intelligibly the characteristics and properties ble of calculating the displacements by one-dimensional 
of tissues, such as the maximum displacement and hard- operation of a relatively small operation quantity, of 
ness of tissues, the velocity of propagation of vibrations displaying the displacements in a real-time mode and of 
through tissues, and the direction and magnitude of 65 providing displacements along a desired direction effec- 
movement of tissues. tive for diagnosis. 

The ultrasonic diagnostic apparatus in a fifth aspect The ultrasonic diagnostic apparatuses in the first to 
of the present invention invented to achieve the second fourth aspect of the present invention calculates minute 
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displacements or the like, or calculate, in addition to the FIG. 8 is a block diagram of an ultrasonic diagnostic 
minute displacements, the respective local maximums of apparatus embodying the present invention- 
the displacements varying with time, times when the FIG. 9, a composite of parts (a), (b), (c) and (d), also 
ocal maxunums appear, the gradient of the tones, and vario usly and respectively referred to herein as FIGS 
the absolute magnitudes of the gradients, and display 5 w a \ «mm q/>.\ „-5 Wrf \ ^^♦o r • . • 

those calculated values instead of simply displayin/the ^S^^gffi ?SSSj 
calculated minute displacements occurring at times. Doints fln 5 H JJ rftH ^tJL™ specuying desired 

Accordingly, the characteristics and properties of tis- P FIG 10 ^ / wa * / * i 

sues including the hardness of tissues" the velocity of J^Jl ! STTi P , 5? ^ ^ 

propagation of vibratioiis, and the inagnitude and direc- 10 ^™}& ™ f^vely referred to herem as FIGS, 
tion of movement of the interior of the tissues can be ™P ? 0 ®' presents of Stance in 

recognized. Furthermore, the ultrasonic diagnostic ap- C0 ? cre « l Y explaining a method of specifying desired 
paratuses display the characteristics and properties of ^i™* deared directl0ns i 

the tissues in a visually intelligible picture by using , a compoate .of parts (a) and (b), also van- 

luminances, values of color, chroma or vectors corre- 15 ousIy ^respectively referred to herein as FIGS. 11(a) 
sponding to the calculated data. m ^ presents diagrammatic views of assistance in 

The ultrasonic diagnostic apparatus in the fifth aspect explaining a method of calculating data by a calculating 
of the present invention specifies desired points and a ***** generating means; 

desired direction on a tomogram, generates calculating . 12 ^ a ^o\ook diagram of a displacement calculate 
data by interpolating between the original data, for a 20 m S me ans; 

plurality of tomograms obtained, respectively, at differ- FIG - 13 » a composite of parts (a) and (b), also vari- 
ent times, determines the information on the basis of the ouslv and respectively referred to herein as FIGS. 13(c) 
displacements of the desired points along the desired 811(1 presents graphs of assistance in explaining lie 
direction or on the basis of the rates of change of the function of a very-low-frequency component removing 
displacements of the desired points along the desired 25 means; and 

direction on the basis of the calculating data, and dis- FIG- 14, a composite of parts (a), (b), (c) and (d), also 
plays the information. The displacement itself, the rate variously and respectively referred to herein as FIGS, 
of change of the information itself, the temporal local 14(a), 14(b), 14(c) and 14(d) , presents graphs showing 
maximum in the displacement or the rate of change of manners of displaying displacement and rate of change 
the displacement, the time corresponding to the tern- 30 of displacement, 
poral local maximum, the gradient of the time and the 

magnitude of the gradient are usable as the information. DESCRIPTION OF THE PREFERRED 

Accordingly, the diagnostically effective displacements EMBODIMENTS 
of the desired points can be displayed in a real-time Preferred embodiments of the present invention will 
mode by one-dimensional operation of a relatively small 35 be described hereinafter with reference to the accomna- 
operation quantity. nying drawings. P 

BRIEF DESCRIPTION OF THE DRAWINGS Referring to FIG. 4, which shows a block diagram of 

iTTr: i o ™™™o;t„ „<-™^o sa\ n>\ a ,™ , an ultrasonic diagnostic apparatus in a first embodiment 
FIG ' ^composite of parts (A), (B) and (C£dso according to the present invention, a controller 16 sends 

40 atra^oncont^ 

? (A) * M«8? d ^ I~* tyP'cal views of assistance md ^ ^ transinittrngdrcuit 4 sends a^rltSon 

in exp lainmefan ultrasonic diagnostic apparatus in a first e ;»«oi *~ «~ . L Tni , transmission 

embooM|ccording to the present bvention; ^ * £ pr ° be 3 1 ™ e dtr f onic P robe 3 

FIGMmmposte of P ar£ (A), (B) and (C), also 5™* ? 1 ?™?T 0 ? -° uUraSOnic wave 
varioullW^pectively referred to herein as FIGS. 45 \T *™ dS flM t ul ? w,a ? wave 2 mtothe bodv The 

2(A), 2(B^nd 2(C), presents typical views of assistance i fw? F****? t ultrasonic 

in explaining an ultrasonic diagnostic apparatus in a W * Ve 2 reflect ^ bv internal tissues of the body 1 

second embodiment according to the present invention; converts the same into data signal. A receiving 

FIG. 3, a composite of parts (A), (B), (C), (D) and cu ]? u ? t . receives data signal and subjects the same 
(E), also variously and respectively referred to herein as 50 *? delaying addition for dynamic focusing and scan- 
FIGS. 3(A), 3(B), 3(C), 3(D) and 3(E), presents typical P 1 * 5 ' under ^ <n*tz6l of the controller 16. The de- 
views of assistance in explaining an ultrasonic diagnos- ayed padded data signals are converted into propor- 
tic apparatus in a third embodiment according to the tiona J digital data by an A/D converter 6 and the digital 
present invention; data is stored temporarily in a memory 7. In storing the 

FIG. 4 is a block diagram of the ultrasonic diagnostic 55 digital data, the controller 16 sends a control signal to 

apparatus in the first embodiment; m address counter 8 to control the address counter 8 to 

FIG. 5 is a block diagram of a portion of the ultra- allocate an address to each piece of data X(t, F) repre- 

sonic diagnostic apparatus in the second embodiment, senting a frame F and time t in the frame F. 

differing from the ultrasonic diagnostic apparatus Then, data X(t, F) of a frame F and data X(t, F— 1) of 

shown in FIG. 4; 60 the preceding frame F-l are transferred from the 

FIG. 6 is a block diagram of a portion of the ultra- memory 7 to a minute displacement (differential) calcu- 

sonic diagnostic apparatus in the third embodiment, lating unit 9. Then, the minute displacement (differen- 

differing from the ultrasonic diagnostic apparatus tial) calculating unit 9 calculates the minute displace- 

shown in FIG. 4; ment of each point in a cross section with respect to the 

FIG. 7, a composite of parts (A), (B) and (C), also 65 scanning direction or the differential of the minute dis- 

variously and respectively referred to herein as FIGS, placement of each point with respect to the direction of 

7(A), 7(B) and 7(C), presents pictorial views of assist- depth (hereinafter referred to simply as "minute dis- 

ance in explaining a prior art displaying method; placement") AX(t, F). 
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The minute displacement AX(t, F) may be calculated when a local maximum AXm(t) is found. An initial time 

by any suitable method, such as a cross correlation setting unit 12-3 determines time when a frame, for 

metibod or a pulse Doppler method. whic h a largest number of enable signals are provided 

The controller 16 gives instructions to an address corresponding to a plurality of points on a spatially 

generator M to control the minute displacement AXft 5 fixed scanning line, is produced among frames succJ 

SSSfl? o^T 1 placement (drfferential) lively applied thereto, as initial time; that is, time when 

Ayfnirl^ Tt f- f^ 1 ^^ the movement of a point in a cross section caused by, 

Corresponding pixel data AXl(t), AX2(t) and 6X3®. 10 SJof-d Zl ™ TT* \ m "J*" 1 
among the data representing the mmuTdisplacemente S JLStS Hl^f ^ be June when a heart- 
AX(t, F) in three frames, are read simultaneously from Sal ^nf 18 ^ "* ^ 

the three memories 10-1, 10-2 and 10-3, and then the , , . . „ 

pixel data are applied to a local maximum discriniinat- - Whe ?/ 1 00 ? maxmium » found a nd an enable signal 
ing unit 12-1 included in a local maximum calculating 15 18 P r .™ ded ' the local maximum calculating unit 12A 
unit 12. A threshold setting unit 12-2 gives a threshold ^Jf 8 T Q ^ bl f SIgnal < en > md thne T ® w *en the 
Th to the local maximum discriminating unit 1M. enable Slgnal (en > * P r0V1 ded to the display memory 
Then, the local maximum discriminating unit 12-1 com- 13-1 md ^ address generator 14 shown in FIG. 4, and 
pares the three input data AXl(t), AX2(t) and AX3(t) of . a P lcture of t P^s of luminances proportional to 

each pixel in the successive three frames F-l, F and 2 o ^ T ^ ^kciding the local maximums ac- 
F-hl, and determines that the data AX2(t) for the mid- cumulated in the display memories 13-1 and 13-2 
die frame F with respect to time is a local maximum (FIGS. 2(B) and 2(C)) is displayed on the display 15. 
AXm(t) when the data AX2(t) meets inequalities: ultrasonic diagnostic apparatus may be provided 

with a correcting unit for correcting the time difference 
&xi(t)^&X2(t)-Th 25 between the reception of an echo from a point corre- 

sponding to one end of the screen and the reception of 
AA3(0_A*2(r)-77i (l) an echo from a point corresponding to the other end of 

~ru *u a * r *u * ■ * j • i_ ^ screen m calculating the time. 

Then, the data of the next frame xs stored in the mem- FIG. 6 shows a portion of an ultrasonic diagnostic 

^J^S^f^T^^t TV* 30 apparatus in a third embodiment according to tte pS 
memories 10-1, 10-2 and 10-3. The data for the three w «„ f : nWf , t ; An + t, of its . * , * . 

successive frames F, F+l and F+2 are subject to the ' * 0m to **™"«° diag- 

discrimination of the local maximum. T^XT embod ^ en 

The local maximum AXm(t) discriminated by the ultrasomc diagnostic apparatus in the third em- 
local maximum discriminating unit 12-1 is stored in a !? ^Tf 1™* ? ?* calatm 8 unit 
display memory 13-1 and an enable signal (en) indicat- 35 ^ instead of the local maximum calculating unit 12A. 

ing the discrimination of the local maximum AXm(t) is t . A ^ m f Qmum d * c ^ atm ? ^ 121 md a 

given to an address generator 14. The address generator th * eshold 12-2 mcluded m the gradient cal- 

14 allocates an addresses (a position in the cross section) <™« ™* ^ m 35 

to the local maximum AXm(t) and stores the address in sho 1 wn m FIGS ' 4and5 ' an ^ unit 12-3 
a display memory 13-2. After thus accumulating the 40 f 11 . tlme counter 12-4 mcluded 111 tne gradient calcu- 

local maximums AXm(t) at points in the cross section at ! atm g umt nC ^ same 1x1 function as those shown 

each time, and their addresses respectively, in the dis- m f 10 ' 5 ' 311(3 hence ^ description thereof will be 

play memories 13-1 and 13-2, the data representing the omitted. 

local maximums AXm(t) are transmitted to a display 15 Tunes T(t) corresponding to the local maximums of 

to display a picture of pixels having luminances propor- 45 points, provided by the time counter 12-4 in synchro- 

tional, respectively, to the local mflximmns AXm(t) as Xlism t ena We signals (en) provided by the local 

shown in FIG. 1(Q on the screen of the display 15, maximum discrinunating unit 12-1 are stored according 

The display 15 may display momentarily the pictures to address information provided by an address counter 
representing the minute displacements varying with m a memory 12-5. Thus, a picture represented by 

time in addition to the picture representing the local 50 pixel data corresponding to the times T(t) is stored in 
maximums AXm(t) calculated by the local maximum 

the memory 12-5, Then, the times T(t) read from the 

calculating unit 12. memory 12-5 are applied to a gradient computing unit 

FIG. 5 shows an ultrasonic diagnostic apparatus in a 12-1. The gradient computing unit 12-7 calculates dif- 

second embodiment according to the present invention, ferentials with respect to an x-direction and a y-direc- 

which is similar to the ultrasonic diagnostic apparatus in 55 tion perpendicular to the x-direction on the picture to 

the first embodiment shown in FIG. 4 and hence only a determined a gradient (ATx(t), ATy(t)) for each pixel 

portion different from the ultrasonic diagnostic appara- The gradient is sent out together with the enable signal 

tus in the first embodiment is shown in FIG. 5. The (en) from the memory 12-5. 

ultrasonic diagnostic apparatus in the second embodi- When it is desired to display the gradients (ATx(t), 

ment is provided with a local maximum time calculating 60 ATy(t)) in a picture as shown in FIG. 3(A) or 3(B) on 

unit 12B instead of the local maximum calculating unit the display 15 shown in FIG. 4, the gradients read from 

12 A shown in FIG. 4. Only the local maximum time the gradient computing unit 12-7 and the enable signals 

calculating unit 12B will be described hereinafter. (en) provided by the memory 12-5 are applied, respec- 

Referring to FIG. 5, a local maximum discriminating tively, to the display memory 13 and the address gener- 

unit 12-1 mcluded in the local maximum time calculat- 65 ator 14 (FIG. 4). 

ing unit 12B, similarly to the local maximum discrimi- When it is desired to display the magnitudes of the 

nating unit 12-1 of the FIG. 4, discriminates a local gradients, an absolute magnitude calculating unit 12-8 

maximum AXm(t), and provides an enable signal (en) calculates the respective absolute magnitudes V of the 
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gradients (ATx(t), ATy(t)) computed by the gradient FIGS. 10(e), 10(f) and 10(g) show the specification of 
computing unit 12-7, and then the absolute magnitudes a rectangular area, a sectorial area and an annular area, 
V and the enable signals (en) are given, respectively, to respectively. 

the display memory 13-1 and the address generator 14 After a desired point or points, and a desired direc- 
(F 10 - 4 )- 5 tioa or directions have been specified, information rep- 

Naturally, any two or three unit among those shown resenting the desired point or points, and a desired di- 
in FIGS. 4, 5 and 6 may be displayed simultaneously. rection of directions is given to a calculating data gener- 

An ultrasonic diagnostic apparatus in a fifth embodi- ator 9. Then, the calculating data generator 9 generates 
ment according to the present invention will be de- calculating data for deteniiining a plurality of pixels 
scribed hereinafter with reference to FIG. 8. 10 lined on a line segment or line segments passing the 

Referring to FIG. 8, an oscillator generates a pulse desired point or points and extending in the desired 
signal, a beam generator 4 delays the pulse signal so that direction of directions. 

the pulse signal is focused at a predeterrnined position FIGS. and UtfO are views of assistance in ex- 
within the body 1, the delayed pulse signal is applied to plaining the calculating data generating operation of the 
an ultrasonic transducer 2, and then the ultrasonic trans- 15 calculating data generator 9. - 
ducer sends ultrasonic waves into the body 1. The ultra- Referring to FIG. 11(c), sampling - points on ultra- 
sonic waves are reflected by tissues within the body 1, sonic scanning lines are indicated by blank circles and 
the reflected ultrasonic waves are received by the ultra- ? ata P? mts including the points specified by the specify- 
sonic transducer 2, and then the ultrasonic transducer 2 , n m S ^ 12 and on a line extending in the specified 
generates data signals corresponding to the reflected direction are indicated by solid circles. Data of the data 
ultrasomc^vaves. The beam generator 4 delays and adds pomts mdic ated by solid circles is calculating data. The 
the da&fagnals so that the data signals are focused at a f 3 ** P 0 " 1 *' ^ ***** of which is desired to be calcu- 
predetermined position within the body 1. Then, a de- ^ ted ' do n0 } neces sarily coincide with data points on 
tector 5 Setects the data signals and the detected data 2 s ultrasomc scanning lines. Accordingly, it is neces- 
signals are given to a scan converter 6. The scan con- sary to generate the data of the data points indicated by 
verter 6 processes the detected data signals for coordi- so . c ? rcI . es on ^ basis of ^ data of ^e sampling 
nate transformation so that the detected data signals can p0 * ts mdlcate(3 b ? blank circles, 
be displayed on a display 7, and a tomogram of the body ^ calculating data generator 9 generates the data of 
is displayed on the display 7. The foregoing operations 30 p0mtSmdlc f t ? i by s< ? Ud circles * ^ S e n- 

are the same as those performed by the prior art ultra- Cr ?^? g ° pera *\ n of the calculating data generator 9 
sonic diagnostic apparatus. be *"** ed ™* «*~ to HG. «<« b V way 

The detected data signals provided by the detector 5 !* Su PP°se Uiat calculating data F is generated 

is stored temporarily in a memory 8. A desired point ^ of ^ samphng points indicated by 

and a desire/direction are specified in the tomo£un 35 *J Se^ V "** 

displayed on the display 7 by unit a specifying unh 12 Z 1z£fl It? ■ ^ )f the * stance between 
mcLLgapomtmg^ £ e *^ 

ball. The desired point and the desired direction sped- 2 ? S? ' * £ * W of * ' 

tied by the specifymg unit 12 is given to a display data ll^t^S^f mt ^ do * of a ^ f*""* 
* „ , • & /~ F ^ An AD and the circular arc, and H is the point of intersec- 

generator 11, the display data generator 11 generates 40 tion of ft ^ t £ ^ 

display data, and die display data generated by the m ^ ^ SCJmnm „ ^ * w ^ 

display data generator 11 is superposed upon the tomo- between ^ points G and H is a circular arc wS 

^mS^S^SfSl'f. «r> , ^ scanning * —™* *• »" between *e po£ 

FIGS. 9(a) to S»(cQ and 10(c) to 10(g) are views of G and H is a straight line 

assistance in explaining a concrete manner of specifying 45 The mean of the data of the points A, B, C and D is 

thfrdeued point and the desired direction. FIGS. 9(a) defined by the following expressions. In the following 

and 9(A) show the specification of a point, FIGS. 9(c) expressions, the data of the points is represented by the 

and 9(d) show the specification of a plurality of points characters indicating the points. 



on a line segment, and FIGS. 10(e) to 10(g) show the 

specification of a plurality of directions on an area. 50 n-u mm . j , >. u . n 

FIG. 9(a) shows, on a picture, a direction and a cen- H = (d - b)/d ' b + b/d • c m 

tral point indicated by a solid circle for calculating a F 0 (M> _ a)A , . c + oA , . ^ (3) 



displacement. The point and the direction can be op- ,j ^ w * A 

Zdly changed by^unit of a mouse or the like. The 5S ' ^" fcl r \ 

central point indicated by a solid circle need not neces- + °" ~ a) D 



sa ^ r y J J t d J? p !f yed * , ^ - , , ,. A series of data calculated by using these expressions 

FIG. 9(6) shows the selection of one of a plurahty of ^ repr esented by s(r, t), in which the argumentTnT 

Ic^T^f u y T k ? S - UF1 ?- o* 6 ** Rifled direction and t indicateTLe coS- 

9(6), a direction indicated by a marker No. 2 among the M gponding to the data. 

four markers Nos. 12, 3 and fi 4 is selected. The calculating data s(r, t) thus generated by the 

FIG. 9(e) shows the specificauon of a plurality of calculating data generator 9 is operated by a displace- 

pomts on a line segment. FIG. 9(d) shows the selection ment calculating unit 10 to determine the displacement 

of one of a plurality of markers respectively indicating 0 f the point specified by the specifying unit 12 

a plurahty of directions, and the specification of a plu- 65 FIG. 12 is a block diagram of the displacement calcu- 

rality of pomts on a Ime segment extending in the direc- lating unit 10. 

tion indicated by the selected marker. A plurality of A correlation calculating unit 10-1 operates the calcu- 

directions may be specified instead of one. lating data s(r, t) by using the following expression (4) 
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for calculating cross correlation to determine the dis- different directions. Basically, the operation for calcu- 

piacement. lating ^ displacement or ±e gradient is one- 

c^jw axs(r+T, m mi dim ensional operation, the operation quantity of the 

■ w operation is relatively small, 
where s(r, tl) is the calculating data at time tl, s(r, t2) is 5 . V 1 * ultrasonic diagnostic apparatus in the fifth em- 

the calculating data at time t2, C(t) is cross correlation ^d" 11 ^* m ay determine the displacement or the like on 

function, -T/2 to T/2 is the range of a space window. e basK ! of ^ ^ si S°^ directly stored in the mem- 

The value of r corresponding to the maximum value ory 8 ^y^ 0111 bein S detected by the detector 5 or may 

of C(t) is the displacement. determine the displacement or the like on the basis of 

Displacements are thus determined sequentially for a the picture signals processed by the scan converter 6 as 

plurality of frames and the displacements are stored indicated by broken lines in FIG. 8 instead of detennin- 

temporarily in a memory 10-2. The displacements are the displacement or the like on the basis of the data 

read from the memory 10-2 and operated by a very-low- signals detected by the detector 5. When the displace- 

frequency component removing unit 10-3. nient or the like is determined on the basis of the data 

FIGS. 13(c) and 13(b) are graphs of assistance in signals processed by the scan converter 6, the data sig- 

explaining calculation to be performed by the very-low- nals before interpolation (points indicated by blank 

frequency component removing unit 10-3. circles in FIG. 11(a)) are arranged at the corners of a 

As shown in FIG. 13(c), the variation of the calcu- square to facilitate interpolation. If the data signals are 

lated displacement indicated by a continuous line is the processed for sufficiently fine coordinate transforma- 
superposition of a slow variation of displacement attrib- 20 tion and interpolation by the scan converter 6, the value 

utable to breathing or the like and a rapid variation of of F (data indicated by a solid circle) may' be deter- 

displacemem attributable to the pulsation of the heart. mined as the values of the surrounding points without 

The very-low-frequency component removing unit performing additional interpolation. 

10-3 removes the slow variation of displacement attrib- What is claimed is* 

utable to breathing or the like to extract only the dis- 25 1. An ultrasonic diagnostic apparatus which receives 

placement t attobutableto the pulsation of the heart as ultrasonic waves, transmitted into a human body alonl 

shown m FIG 13(b). The displacement calculating unit a scanning line and reflected by internal orSnT of thf 

10 gives the displacement attnbumble to the pulsation human body, for producing dato signals coSondhig 

of the heart, if necessary, after differentiating the same to the receive Zfont** ^iLZ**> 2 ™- p e 

by a differentiating unit 104 to the display data genera- 30 JL ri 3t ? Cted f mc ^ waves processing 

t Q f n e H * swiGi* ^ date signals to generate display data, and displaying 

The chfferentiating unit 104 processes the thus deter- JiXT ^ human body represented by the 

mined displacement to spatial differentiation ^hre- ^\ *"* ultrasonic a PP^s com- 

spect to the specified direction (FIG. 10(a)) to deter- P JoL a+ : n(T w _ ^ , , . , 

mine the gradient of the displacement with respect to 35 ca J? d f I « m f^ 5° r calculating one of a minute 

the specified direction. The display data generator 11 displacement of tissue within the human body on 

receives the displacement or the gradient thus deter- thebasisof the data signals and a differential of the 

mined and generates picture data corresponding to the minute displacement with respect to a direction 

displacement or the gradient, and then the display 7 wi ^ scannm S ^ the human 

displays the picture represented by the picture data. 40 , , y; . , , 

FIGS. 14(a) to 14(d) are graphs showing the mode of loca l m f xunum calculating means, coupled to said 

displaying the displacement and the gradient calculating means, for calculating a plurality of 

FIG. 14(a) shows the variation of the displacement of temporal local maximums of one of the minute 

a specified point with time in the specified direction displacement varying with time and the differential 

when only one point is specified as shown in FIGS. 9(a) 45 of ^ m " l,lte displacement varying with time, and 

and 9(b). f or assigning corresponding pixel data, represent- 

FIG. 14(b) shows a mode of displaying the displace- mg levels . of luminance, to each of the temporal 

ments of a plurality of points lined on a line extending in . locaI Ma x i m u ms ; and 

the specified direction as shown in FIGS. 9(c) and 9(d), display means, coupled to said local maximum calcu- 

in which the variation of the displacement of each sped- 50 lating means, for displaying the temporal local 

fied point with time in the specified direction is dis- max i mum s by displaying the corresponding pixel 

played in a three-dimensional picture. data representing levels of luminances. 

When an area is specified as shown in FIG. 10(e), 2 - An ultrasonic diagnostic apparatus which receives 

10(/) or 10(g), the displacement or the gradient may be ultrasonic waves, transmitted into a human body along 

transformed into color difference signals by a color 55 a scanning line and reflected by internal organs of the 

encoder and the color difference signals may be super- human body, for producing data signals corresponding 

posed upon the tomogram. to the received, reflected ultrasonic waves, processing 

FIG. 14(c) and 14(d) show the variation of the gradi- the data signals to generate display data, and displaying 

ent of the displacement with time. FIGS. 14(c) and a tomogram of the human body represented by the 

14(d) correspond, respectively, to FIGS. 14(a) and 60 display data, said ultrasonic diagnostic apparatus com- 

14(b). prising: 

Thus, a direction is specified optionally, the displace- calculating means for calculating one of a minute 

ment or the gradient with respect to the specified direc- displacement of tissue within the human body on 

tion is calculated and the calculated displacement or the the data signals and a differential of the minute 

calculated gradient is displayed. Accordingly, the dis- 65 displacement with respect to a direction parallel to 

placement or the gradient with respect to a desired a scanning line within the human body; 

direction can be known. A direction in which a point is time calculating means, coupled to the calculating 

displaced gready can easily be found by specifying means, for calculating times corresponding to a 
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plurality of temporal local maximums of one of the 
minute displacement varying with time and the 
differential of the minute displacement varying 
with time } each of said temporal local maximums 
having corresponding pixel data representing lev- 
els of luminances; and 
display means, coupled to the time calculating means, 
for displaying the time corresponding to the tem- 
poral local maximums by displaying . the corre- 
sponding pixel data representing levels of luminan- 
ces. 

3. An ultrasonic diagnostic apparatus which receives 
ultrasonic waves, transmitted into a human body along 
a scanning line and reflected by internal organs of the 
human body, for producing data signals corresponding 
to the received, reflected ultrasonic waves, processing 
the data signals to generate display data, and displaying 
a tomogram of the human body represented by the 
display data, said ultrasonic diagnostic apparatus com- 
prising: 

calculating means for calculating one of a minute 
displacement of tissue within the human body and 
a differential of the minute displacement with re- 
spect to a direction parallel to a scanning line 
within the human body; 

gradient calculating means, coupled to the calculat- 
ing means, for calculating a gradient of a time cor- 
responding to a temporal local maximum in one of 
the minute displacement varying with time and the 
differential of the minute displacement varying 
with time; and 

display means, coupled to the gradient calculating 
means, for displaying the gradient. 

4. An ultrasonic diagnostic apparatus which receives 35 
ultrasonic waves, transmitted into a human body along 

a scanning line and reflected by internal organs of the 
human body, for producing data signals corresponding 
to the received, reflected ultrasonic waves, processing 
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the data signals to generate display data, and displaying ^ tllde of ^ 



placement with respect to a direction parallel to the 
scanning line within the human body; 
local maximum calculating means, coupled to said 
calculating means, for calculating a plurality of 
temporal local maximums of one of the minute 
displacement varying with time and the differential 
of the minute displacement varying with time, and 
for assigning corresponding pixel data, having pro- 
portional luminances, to each of the temporal local 
maximums; 

time calculating means, coupled to the calculating 
means, for calculating times corresponding to a 
plurality of temporal local maximums of one of the 
minute displacement varying with time and the 
differential of the minute displacement varying 
with time, each of said temporal local maximums 
having corresponding pixel data representing lev- 
els of luminances; and 

display means, coupled to the local maximum calcu- 
lating means and to the time calculating means, for 
displaying the temporal local maximums and the 
time by displaying the corresponding pixel data 
representing levels of luminances. 

6. The ultrasonic diagnostic apparatus as claimed in 
claim 5, further comprising gradient calculating means, 
coupled to the calculating means and to the display 
means, for calculating a gradient of the time corre- 
sponding to the temporal local maximum in one of the 
minute displacement varying with time and the differ- 
ential varying with time, and wherein the display means 
further displays the gradient. 

7. The ultrasonic diagnostic apparatus as claimed in 
claim 5, further comprising gradient magnitude calcu- 
lating means, coupled to the calculating means and to 
the display means, for calculating a magnitude of a 
gradient of the time corresponding to the temporal local 
maximum in one of the minute displacement varying 
with time and the differential varying with time, and 
wherein the display means further displays the magni- 



a tomogram of the human body represented by the 
display data, said ultrasonic diagnostic apparatus com- 
prising: 

calculating means for calculating one of a minute 
displacement of tissue within the human body and 45 
a differential of the minute displacement in a direc- 
tion parallel to a scanning line within the human 
body; 

gradient magnitude calculating means, coupled to the 
calculating means, for calculating a magnitude of a 50 
gradient of a time corresponding to a temporal 
local maximum in one of the minute displacement 
varying with time and the differential of the minute 
displacement varying with time; and 

display means, coupled to the gradient calculating 
means, for displaying the magnitude of the gradi- 
ent. 

5. An ultrasonic diagnostic apparatus which receives 
ultrasonic waves, transmitted into a human body along 
a scanning line and reflected by internal organs of the 
human body, for producing data signals corresponding 
to the received, reflected ultrasonic waves, processing 
the data signals to generate display data, and displaying 
a tomogram of the human body represented by the 
display data, said ultrasonic diagnostic apparatus com- 65 
prising: 

calculating means for calculating one of a minute 
displacement and a differential of the minute dis- 
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8. An ultrasonic diagnostic apparatus which receives 
ultrasonic waves, transmitted into a human body along 
a scanning line and reflected by internal organs of the 
human body, for producing data signals corresponding 
to the received, reflected ultrasonic waves, processing 
the data signals to generate display data, and displaying 
a tomogram of the human body represented by the 
display data, said ultrasonic diagnostic apparatus com- 
prising: 

specifying means for specifying at least one desired 
point and at least one desired direction in the tomo- 
gram displayed; 

calculating data generating means for generating 
calculating data along a line segment passing the 
specified desired point and extending in the speci- 
fied desired direction for a plurality of tomograms 
produced at different times, respectively; 

calculating means for calculating information on the 
basis of one of a displacement of the specified de- 
sired point in the specified desired direction and a 
rate of change of the displacement in the specified 
desired direction on the basis of the calculating 
data; and 

display means for displaying the information. 

9. An ultrasonic diagnostic apparatus according to 
claim 8, wherein said information calculated by said 
calculating means is one of the displacement and the 
rate of change of the displacement. 
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10. An ultrasonic diagnostic apparatus according to 
claim 8, wherein said calculating means calculates at 
least one of a temporal local maximum in one of the 
displacement -find the rate of change of the displace- 
ment, a time corresponding to the temporal local maxi- 
mum, a gradient of the time and a magnitude of the 
gradient as said information. 

11. An ultrasonic diagnostic apparatus according to 
claim 8, wherein said specifying means specifies a plu- 
rality of directions. 

12. An ultrasonic diagnostic apparatus according to 
claim 8, wherein said specifying means selects at least 
one direction among a plurality of predetermined direc- 
tions. 

13. An ultrasonic diagnostic apparatus according to 
claim 8, wherein said specifying means specifies a plu- 
rality of points lined on a line extending in the specified 
direction. 

14. An ultrasonic diagnostic apparatus according to 
claim 8, wherein said specifying means specifies a plu- 
rality of two-dimensionally arranged points. 

15. An ultrasonic diagnostic apparatus which re- 
ceives ultrasonic waves, transmitted into a human body 
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18. An ultrasonic diagnostic apparatus which re- 
ceives ultrasonic waves, transmitted into a human body 
along a scanning line and reflected by internal organs of 
the human body, for producing data signals correspond- 
ing to the received, reflected ultrasonic waves, process- 
ing the data signals to generate display data, and dis- 
playing a tomogram of the human body represented by 
the display data, said ultrasonic diagnostic apparatus 
comprising: 

calculating means for calculating one of a minute 
displacement and a differential of the minute dis- 
placement with respect to a direction parallel to the 
scanning line within the human body; 

gradient magnitude calculating means, coupled to the 
calculating means, for calculating a magnitude of a 
gradient of a time corresponding to a temporal 
local maximum in one of the minute displacement 
varying with time and the differential of the minute 
displacement varying with time; and 

display means, coupled to the gradient magnitude 
calculating means, for displaying the magnitude of 
the gradient 

19. An ultrasonic diagnostic apparatus which re- 
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the human body, for producing data signals correspond- 
ing to the received, reflected ultrasonic waves, process- 
ing the data signals to generate display data, and dis- 
playing a tomogram of the human body represented by 



along a scanning line and reflected by internal organs of 
the human body, for producing data signals correspond- 
ing to the received, reflected ultrasonic waves, process- 
ing the data signals to generate display data, and dis- 
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comprising: 

calculating means for calculating one of a minute 
displacement and a differential of the minute dis- 
placement with respect to a direction parallel to the 
scanning line within the human body; 

local maximum calculating means, coupled to the 
calculating means, for calculating a temporal local 
maximum in one of the minute displacement vary- 
ing with time and the differential of the minute 
displacement varying with time; 

gradient calculating means, coupled to the local maxi- 
mum calculating means, for calculating a gradient 
of a time corresponding to the temporal local maxi- 
mum in one of the minute displacement varying 
with time and the differential of the minute dis- 
placement varying with time; and 

display means, coupled to the local maximum calcu- 
lating means and to the gradient calculating means, 
for displaying temporal local maximum, and the 
gradient 

16. The ultrasonic diagnostic apparatus as claimed in 
claim 15, further comprising gradient magnitude calcu- 
lating means, coupled to the gradient calculating means 
and to the display means, for calculating a magnitude of 



the display data, said ultrasonic diagnostic apparatus 
comprising: 

calculating means for calculating one of a minute 
displacement and a differential of the minute dis- 

35 placement with respect to a direction parallel to the 
scanning line within the human body; 
time calculating means, coupled to the local maxi- 
mum calculating means, for calculating a time cor- 
responding to a temporal local maximum of one of 

40 the minute displacement varying with time and the 
differential of the minute displacement varying 
with time; 

gradient calculating means, coupled to the calculat- 
ing means, for calculating a gradient of the time 
45 corresponding to the temporal local "larimym in 
one of the minute displacement varying with time 
and the differential varying with time; and 
. display means, coupled to the time calculating means 
and the gradient calculating means, for displaying 
so the gradient and the time. 

20. The ultrasonic diagnostic apparatus as claimed in 
claim 19, further comprising gradient magnitude calcu- 
lating means, coupled to the gradient calculating means 
and to the display means, for calculating a magnitude of 



7. * l_ — 7 — ° ° — w ivi wu^iuaung a. magnitude OI 

the gradient of the tune corresponding to the temporal 55 the gradient of the time corresponding to the temporal 



local maximum in one of the minute displacement vary 
ing with time and the differential varying with time, and 
wherein the display means further displays the magni- 
tude of the gradient. 

17. The ultrasonic diagnostic apparatus as claimed in 60 
claim 15, further comprising gradient magnitude calcu- 
lating means, coupled to the gradient calculating means 
and to the display means, for calculating a magnitude of 
the gradient of the time corresponding to the temporal 
local maximum in one of the minute displacement vary- 65 
ing with time and the differential varying with time, and 
wherein the display means further displays the magni- 
tude of the gradient. 



local m a x i mum in one of the minute displacement vary- 
ing with time and the differential varying with time, and 
wherein the display means further displays the magni- 
tude of the gradient. 

21. An ultrasonic diagnostic apparatus which re- 
ceives ultrasonic waves, transmitted into a human body 
along a scanning line and reflected by internal organs of 
the human body, for producing data signals correspond- 
ing to the received, reflected ultrasonic waves, process- 
ing the data signals to generate display data, and dis- 
playing a tomogram of the human body represented by 
the display data, said ultrasonic diagnostic apparatus 
comprising: 
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calc ul ating means for calculating one of a minute 
dispjgcement and a differential of the minute dis- 
placement with respect to a direction parallel to the 
scanning line within the human body; 

time calculating means, coupled to the local maxi- 5 
mum calculating means, for calculating a time cor- 
responding to a temporal local maximum of one of 
the minute displacement varying with time and the 
differential varying with time; 

gradient magnitude calculating means, coupled to the 10 
calculating means, for calculating a magnitude of a 
gradient of the time corresponding to the temporal 
local maximum in one of the minute displacement 
varying with time and the differential varying with 
time; and 15 

display means, coupled to the time calculating means 
and to the gradient magnitude calculating means, 
for displaying the time and the magnitude of the 
gradient. 

22. An ultrasonic diagnostic apparatus which re- 20 
ceives ultrasonic waves, transmitted into a human body 
along a scanning line and reflected by internal organs of 
the human body, for producing data signals correspond- 
ing to the received, reflected ultrasonic waves, process- 
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20 

ing the data signals to generate display data, and dis- 
playing a tomogram of the human body represented by 
the display data, said ultrasonic diagnostic apparatus 
comprising: 

calculating means for calculating one of a minute 
displacement and a differential of the minute dis- 
placement with respect to a direction parallel to the 
scanning line within the human body; 

gradient calculating means for calculating a gradient 
of a time corresponding to a temporal local maxi- 
mum in one of the minute displacement varying 
with time and the differential varying with time, 
and 

a gradient magnitude calculating means, coupled to 
the gradient calculating means, for calculating a 
magnitude of the gradient of the time correspond- 
ing to the temporal local maximum in one of the 
minute displacement varying with time and the 
differential varying with time; and 

display means, coupled to the gradient calculating 
means and to the gradient magnitude calculating 
means, for displaying the gradient and the magni- 
tude of the gradient. 
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